Abstract: Analysis of the biological traits (e.g., feeding mode and size) that control how organisms interact with their environment has been used to identify environmental drivers of, or impacts on, species and to explain the importance of biodiversity loss. Biological trait analysis (BTA) could also be used within riskassessment frameworks or in conservation planning if one understands the groups of traits that predict the
Resumen: El análisis de los rasgos biológicos (p. ej.: modo de alimentación y tamaño) que controlan cómo los organismos interactúan con su ambiente se ha utilizado para identificar los conductores ambientales de, o los impactos sobre, las especies y para explicar la importancia de la pérdida de la biodiversidad. El análisis de los rasgos biológicos (ARB) podría usarse también dentro de los marcos de trabajo de la evaluación del riesgo o en la planeación de la conservación si se entienden los grupos de rasgos que predicen la sensibilidad de los hábitats o las comunidades ante actividades humanas específicas. Las sensibilidades derivadas del ARB deberían extender los pronósticos de sensibilidades hasta una variedad de hábitats, especialmente aquellas en las que sería complicado realizar experimentos (p. ej.: debido a la profundidad o a un riesgo para la vida humana) y hasta escalas más allá de la norma para la mayoría de los experimentos. Usamos datos sobre epibentos colectados por medio de videos a lo largo de transectos en 27 sitios en una región relativamente prístina del fondo marino para determinar las escalas de la variabilidad espacial natural de las sensibilidades derivadas, así como el grado al que las predicciones difirieron entre tres estresantes (extracción de especies, sedimentación y sedimentos suspendidos) o fueron afectadas por las composiciones comunitarias subyacentes. Usamos tres medidas (abundancia ponderada, abundancia de especies altamente sensibles, y número de especies altamente sensibles) para obtener la sensibilidad ante estos estresantes y simulamos la habilidad de estas medidas para detectar una gama de intensidades de estresantes. Sin importar los patrones espaciales

Introduction
Species exhibit a range of biological traits (e.g., mobility) that control their responses to their surrounding environment, their interactions with other species, and their ability to affect their environment. Analyses of these traits (biological trait analysis [BTA] ) has a long history across many disciplines. Research on BTA initially focused on comparisons across species' pools, such that environmental drivers or effects of disturbance can be determined (e.g., Bremner et al. 2006; McGill et al. 2006; Menezes et al. 2010) , and on the importance of biodiversity loss, for example biodiversity-ecosystem function research (e.g., Emmerson & Raffaelli 2000; Lavorel et al. 2011; Strong et al. 2015) and functional diversity and redundancy (Zhang et al. 2012; Ricotta & Acosta 2014; Delgado-Baquerizo et al. 2016) . Conversely, BTA could be used in a risk assessment or conservation prioritization framework to assess the sensitivity of habitats or areas to a planned activity (Zacharias & Gregr 2005; Clark et al. 2016) . Vulnerability or sensitivity assessments are a formal process for assessing risks of anthropogenic activities to a system (Williams et al. 2008; Hare et al. 2016) . Vulnerability generally incorporates the risk of the activity actually occurring (exposure) and the response of the system to the activity, which is usually defined as the sensitivity. Although sensitivity has been assessed on purely physical terms (e.g., flushing; Ribeiro et al. 2016) or by expert elicitation (Hare et al. 2016) , assessments can be improved by incorporating the traits that make a species sensitive to a specific stressor (Tyler-Walters et al. 2009 ). Vulnerability or sensitivity assessments have been used to evaluate risks associated with fishing (Hobday et al. 2011; Rijnsdorp et al. 2015) and climate change (Aubin et al. 2016; Hare et al. 2016) . This approach fills the need for broad, transparent, and relatively quick evaluation of the vulnerability of multiple species (Hare et al. 2016) .
To use BTA to assess sensitivity, general characteristics that predict the sensitivity to particular stressors need to be known. In ecology, a range of study approaches are used to determine these characteristics from manipulative experiments, impact assessments, and broad-scale surveys. Generalities have been used to inform the theory of disturbance and recovery, and impact assessments. For example, Pearson and Rosenberg (1978) characterized different stages of organic enrichment in marine systems based on sediment dwelling depth, burrowing activity, body size, mobility, and life span. Thrush et al. (1995) summarized the biological traits that would be affected by shellfish dredging.
Combining information on stressors, ecology, and biological traits to assess sensitivity could expand sensitivity analysis to a variety of habitats, especially those in which it would be difficult to conduct experiments due to for example depth or risk to human life. It also means risk assessments could be conducted at scales well beyond the norm. However, apart from the requirements for knowledge about the traits that confer sensitivity to a particular stressor, the method should provide results that differentiate among stressors and are not solely reflective of community composition.
Because conducting assessments of sensitivities in areas that are already stressed would be expected to affect observed traits (Hiddink et al. 2007 ), we characterized the potential sensitivities of communities in a relatively pristine area. The top of the Chatham Rise, New Zealand, is approximately 500 km offshore and is relatively deep (300-500 m). Fishing effort is low due to bottom roughness, and no other extractive marine industries operate there. With BTA no experimental manipulations were used; rather, we used BTA to derive potential sensitivity to 3 common global stressors arising from bottom fishing, mining, and maintenance of channels (i.e., extraction of organisms or sediments, sediment deposition, and suspended sediment content). Although channel dredging and disposal of sediments is more common in shallow coastal areas, and more spatially and temporally restricted, fishing and mining occur from shallow areas to the deep ocean, often at large spatial and temporal scales.
We used 3 different metrics to derive the sensitivity of a transect from sensitivities of the individual taxa: weighted abundance summed across taxa (Stark & Maxted 2007; de Juan et al. 2009 ); relative abundance in the 2 most sensitive groups; and number of taxa in the 2 most sensitive groups (Hewitt et al. 2011) . We tested 2 hypotheses: sites differ in potential sensitivity to the different stressors and different communities do not necessarily differ in their sensitivities to a stressor because similar biological traits may be present in different communities. We analyzed the patterns of spatial variability in trait sensitivity because this information could inform management decisions. Finally, we compared the ability of the 3 metrics to detect stressors, anticipating that methods based on abundances rather than number of species would be more sensitive (Hewitt et al. 2005 ).
Methods
Study Sampling
Video images of the seafloor epibenthos were taken randomly from 27 sites in an area, nearly 300 × 45 km that was 340-480 m deep (Supporting Information). At 21 sites, 3 replicate transects were surveyed by a remotely operated vehicle (ROV) with a video camera traveling 2 m above the seafloor at 0.5 knot for approximately 1 nautical mile. The remaining sites were single-transect sites used to extend the study area. Watching the live video feed from the ROV, 2 biologists logged observations of benthic organisms to the lowest taxonomic level, generally species or genus. The manipulator arms of the ROV sampled animals when identification of a taxon was uncertain. Counts were converted to numbers per square meter.
Assigning Biological Traits and Sensitivity
For the majority of all identified taxa, expert taxonomists and ecologists provided information on biological traits (Table 1) . Fuzzy coding was used to assess the relative probability of each taxon exhibiting the trait expression within each trait category. The probability across the category summed to 1. Where no information specific to the taxon was available, trait probabilities were assigned in the following way: if all known taxa in the higher taxonomic level exhibited the same traits, that taxon was given those trait probabilities; if known taxa in the higher taxonomic level exhibited different traits, the taxon was assigned probabilities that reflected the distribution of known traits; and if nothing was known about the traits, the taxon was assigned an equal probability of expressing all traits within the category.
We considered only direct sensitivity of an individual because it is best suited to the use of biological traits (de Juan & Demestre 2012). Ability to recover was not part of
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Volume 33, No. 1, 2019 Table 1. sensitivity; rather, we focused on resilience via survival through a disturbance Lambert et al. 2014; Hodgson et al. 2015) . For each stressor, a decision tree was created that assigned combinations of trait expressions to 5 levels of sensitivity (Tyler-Walters et al. 2009) (Fig. 1) . For extraction and suspended sediment, the 5 levels were high, medium, and low sensitivity and neutral and beneficial effects. For sedimentation, the levels were high, medium, and low sensitivity and less likely and least likely to be affected.
Figure 1. Decision trees used to assign a taxon's level of sensitivity, based on its biological traits, to (a) an extraction method penetrating to a depth of 5 cm, (b) sedimentation, and (c) suspended sediment (solid lines, yes [Y] answer to the trait-expression question; dashed lines, no [N] answer to the trait-expression question). Information on trait categories is in
The probabilities of a taxa belonging to a particular level of sensitivity were calculated (range 0-1). For example, if to belong to the highest sensitivity a taxon had to be epibenthic and sedentary, the probability of the taxon being epibenthic was multiplied by the probability that it was sedentary.
Stressors
Traits predicted to affect response to extraction were mobility, living position, and feeding mode (e.g., Thrush & Dayton 2002; de Juan et al. 2009; Clark et al. 2016) . Organisms living above the depth in the sediment to which sediment or organisms would be removed by gear (in this example 5 cm) that were sedentary were assumed to be the most likely to be removed (highest sensitivity).
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Organisms living below that depth were assumed to be unaffected (neutral). Epibenthic organisms that are mobile enough to escape, and feed on dead or broken organisms (i.e., predators or scavengers) were assumed to benefit from the stressor (positive). Between highest sensitivity and neutrality, mobility, living depth, and feeding mode were assumed to control sensitivity (Fig. 1a) .
Traits predicted to affect response to sedimentation were growth form, fragility, living position, mobility, size, and feeding mode (e.g., Thrush et al. 2004; Boschen et al. 2016) . Above-seafloor growth form and fragility were used to place organisms into high, medium, and low sensitivity categories; encrusting organisms were considered most sensitive because they are easily covered by sediment (Fig. 1b) . Conversely, organisms that are not epibenthic and are subsurface deposit feeders were least likely to be sensitive. For sedimentation, the literature produced no general examples of traits that would benefit from increased sedimentation, so the five categories ranged from highly sensitive to least likely to be affected.
Traits predicted to affect response to suspended sediments were living position, size, and feeding mode (e.g., Ellis et al. 2002; Thrush et al. 2004) . For example, increased turbidity negatively affects suspension feeders, can increase the percentage of deposit feeders, and negatively affects seagrass and seaweed communities (Ellis et al. 2002; Thrush et al. 2004 ). Therefore, plants or suspension-feeding fauna were assumed to be the most sensitive (Fig. 1c) . Predators living near the sediment surface were assumed to benefit from suspended sediment via the adverse effect on other organisms.
Metrics for Deriving Transect-Level Sensitivity
We used 3 metrics to derive a quantitative assessment of the sensitivity of a transect from sensitivities of individual taxa (weighted abundance, sensitive relative abundance, and number of sensitive taxa). All 3 metrics were based on the categorization of the sensitivities into 5 levels and were measured separately for each stressor. For weighted abundance, the probability of a taxon exhibiting each sensitivity level (Supporting Information) was multiplied by its average abundance per square meter and then by the weight of each sensitivity level. For extraction and suspended sediment, these weighting were high (3), medium (2), low (1), neutral (0), and benefit (−1). For sedimentation, the weightings were high (4), medium (3), low (2), less likely to be affected (1), and least affected (0). These values were then summed over all taxa occurring in the transect. For sensitive relative abundance, the probability of each taxa being of high or medium sensitivity was multiplied by its average abundance per square meter. These values were summed over all taxa occurring in the transect and divided by the total abundance found on the transect. For number of sensitive taxa, the number of taxa that had a >0.5 % probability of being highly sensitive (i.e., top 2 sensitive groups) was calculated.
Statistical Analyses
A Friedman's test (Proc freq) (SAS/STAT 2011) was used to determine whether the 3 stressors types were ranked in the same order for each site. Values for weighted abundance, sensitive relative abundance, and number of sensitive taxa from the transects were averaged for each site, and a separate test was done for each metric. Technically, 3 tests were run, but we did not consider it necessary to correct for multiple tests because we were interested in the relative differences that we would have observed for the different metrics had only one been used.
We used Simprof analysis (PrimerE v7.09 [Clark & Gorley 2015] ), Bray-Curtis similarities, and group average clustering to group the square-root transformed species count data into different community groups across the area (p = 0.01). Twelve groups were identified (Table 2) ; each transect belonged to 1 of these groups. Of these 12 groups, 2 had 1 member and 5 had 2 members and were removed from the following analysis. For each metric, a 2-way general linear model, including an interaction term (GLM) (SAS/STAT 2011) with simprof group and stressor as fixed terms, was used to determine whether there were differences between the groups based on type III tests. Because the potential sensitivity of the stressors exhibited spatial autocorrelation across the study area, the error df was reduced to reflect the number of independent samples. Differences between simprof groups for each stressor were assessed based on the degree of overlap of SEs.
To gain an understanding of the scales of spatial variability, spatial autocorrelograms based on Moran's I with equal intervals were constructed in SAM (Rangel et al. 2010) for each stressor and metric. The smallest distance interval used was 6 km because this allowed the transects from a site to be grouped together.
To compare the ability of the 3 metrics to detect changes that could result from the three stressors, 9 simulation scenarios were developed based on reducing the abundance of taxa that contributed to the 2 highest sensitivity levels. Reductions of 10%, 25%, 40%, 50%, 60%, 75%, 80%, 85%, and 90% were applied separately for each of the three stressors. These reductions could never result in a reduction to 0 and thus could not result in changes to numbers of taxa. Therefore, when a change in abundance resulted in a taxon abundance below the minimum abundance found across all transects and taxa in the original data (0.1 individuals/m 2 ), the taxon abundance was set to 0, reducing the number of sensitive taxa. A series of t tests (with a correction for unequal variances if required) were used to compare the original values to the scenario values for each stressor and method separately. Because df was the same for all t tests, the p values could be used as an indication of the changing ability to detect the scenario, even though this is not the test that would be likely to be used to detect real impacts.
Results
Species observed in the transects varied from mobile taxa such as decapods (hermit crabs, shrimps, and crabs) and echinoderms (starfish, urchins, holothurians) to more sedentary taxa such as sponges, bryozoans, corals, and polychaetes (tube worms). They also varied in growth form from encrusting to erect with single or multiple branches. Average abundance across the sampled area ranged from 4 to 759 /m 2 with an average of 121 individuals. Total number of taxa observed along a transect ranged from 2 to 27 (average of 16). Differences and similarities between the transects were driven by a small number of taxa (Supporting Information).
Sites Difference in Sensitivity to Stressors
Each stressor ranked the sites differently regardless of method (p < 0.0001 for each Friedman's test). All pairwise comparisons were significantly different, although for the sensitive relative abundance method, the significance level was p = 0.0286 for the extractionsuspended sediment comparison (cf <0.001 for the other comparisons).
Sensitivity to a Stressor in Different Communities
For all three metrics, there was a significant interaction between stressor type and the community groupings identified by simprof (see Supporting Information for descriptions of the groups), indicating that the different communities did vary in their sensitivities to the stressor type (stressor type * simprof group, df = 8, error df = 8, p < 0.02 for all methods). For weighted abundance (Supporting Information), group L was significantly higher than the other groups for all stressors. The other groups varied with stressor in the degree to which they differed from each other and whether group A or group B had the lowest mean. In terms of the sensitive relative abundance, group B followed by group A had the highest means for extraction, whereas group L and A had the highest means for both sedimentation and suspended sediment stressors (Supporting Information). For the number of sensitive taxa (Supporting Information), the means of the simprof groups ran in the same order for all stressors (L, D, J, A, B), but only for sedimentation was there a clear separation between groups.
Patterns of Spatial Variability
A significant Moran's I was observed for all metrics and stressors (p < 0.05) at the site scale (<6 km). Autocorrelograms over the 160-km area were significant for all but weighted abundance of sedimentation and suspended sediment stressors. Regardless of stressor, autocorrelograms for sensitive relative abundance and number of sensitive taxa (see Supporting Information) suggested an average spatial structure of 30 km (i.e., similarity of sensitivity declined away from sites and disappeared at approximately 30 km). A similar, but nonsignificant, structure was observed for the weighted abundance method (see Supporting Information).
Relative Detection Ability of the 3 Metrics
The 3 metrics exhibited different abilities to detect the simulated scenarios of reduced abundances caused by different stressors. For extraction, sensitive relative abundance and weighted abundances had similar abilities, detecting reductions of 40% (and probably as low as 30%), whereas the number of sensitive taxa could not detect any reduction less than 80% (Fig. 2) . For sediment, weighted abundance could detect a reduction (10%, 25%, 40%, 50%, 60%, 75%, 80%, 85%, and 90%) in the abundance of taxa that contributed to the 2 highest sensitivity levels.
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of at least 25%, sensitive relative abundance could detect a reduction of 50%, while number of sensitive taxa again could not detect a reduction <80%. For suspended sediment, weighted abundance again detected the smallest reduction (ß35%), whereas number of sensitive taxa again could not detect a reduction <80%. However, sensitive relative abundance could not detect even a 90% reduction.
Discussion
Our results show that BTA was consistently useful in the assessment of stressors, despite there being obvious shared spatial patterns across the area. Sites differed in their calculated sensitivity to the different stressors (hypothesis 1), but not all communities differed in sensitivity (hypothesis 2). However, despite the three metrics each giving the same results to the tested hypotheses, the metrics did vary widely in their ability to assess sensitivity to three types of benthic impacts. As predicted, metrics based on abundance rather than taxa presence/absence were generally better able to detect impacts.
Hypotheses 1 and 2 are fundamental to the use of BTA in conservation planning and management. For our BTA approach to usefully assess sensitivity of an area or habitat, it needs to be able to produce scores that differ between stressors, yet not necessarily produce scores that differ between communities (i.e., not be too sensitive to differences in community composition). Achieving this requires that trait expressions that are sensitive to different stressors are not strongly correlated and that a number of species share traits. Our results suggest that although there are likely to be species, such as small sponges, that are sensitive to all 3 stressors, many other species are not (Sirot et al. 2015; Tolonen et al. 2016) .
Spatial structure in the assessments of sensitivity was observed for the sensitive relative abundance and number of sensitive taxa metrics for all 3 stressors. However, for the third metric, weighted abundance, spatial structure was only observed for extraction. Similarity of spatial structure does not necessarily mean that any patches overlap in position, and indeed the differences between sites in sensitivity to the three stressors suggests that this is not the case. Regardless, the size of the spatial structures identified, together with the general lack of spatial structure identified for the weighted abundance metric, is useful information for converting sensitivity to vulnerability, where the spatial and temporal scale of the threat needs to be matched to the spatial and temporal scale of the area's sensitivity. Therefore, an assessment of the temporal dynamics of sensitivity would be an important future research question and could possibly be addressed using biological traits of generation time and adult mobility.
Simulations revealed that the three metrics used differed in their ability to predict and detect impacts. A previous study by Tyler-Walters et al. (2009) also observed differences in site sensitivity dependent on metric used. They calculated site sensitivity from the distribution of species sensitivities as either the most frequent or the most sensitive (i.e., the mode or the maximum sensitivity) and observed that the mode consistently underestimated the total sensitivity of the community. Hewitt et al. (2011) found that using the maximum sensitivity, whether it was calculated from the dominant species or the species contributing most to within-site community similarity, resulted in a smoothing across habitats; nearly all habitats were designated highly sensitive. Hence, we chose to test weighted abundance (Stark & Maxted 2007; de Juan et al. 2009 ) and number of sensitive taxa (Hewitt et al. 2011 ) metrics. A metric that removed differences in abundances between samples (sensitive relative abundance), in case these biased results and increased variance, was also included.
Differences in ability of the three metrics to assess sensitivity to benthic impacts suggest that use of multiple metrics is more informative than a single metric. For example, because the study area was relatively pristine, we expected that a metric associated with changes in abundance would be most successful because abundance should decrease before taxa disappear (Hewitt et al. 2005) . Indeed, the weighted abundance metric detected smaller impacts than the number of sensitive taxa. Conversely, in stressed areas, these 2 metrics should show similar results and, in highly stressed areas, the number of highly sensitive taxa may be more useful. This could occur even if sensitive taxa are rare because the number of rare taxa tends to decrease with stress (Gray 1997; Jackson 2001; Hewitt et al. 2009 ). In our results, the sensitive relative abundance metric varied widely in its ability to detect impacts associated with different stressors. It was the best metric for extraction but was not able to detect even a 90% reduction in the abundance of sensitive taxa for suspended sediment. This suggests the taxa sensitive to extraction occurred in the study area in generally lower abundances than those sensitive to suspended sediment and in communities of lower total abundances.
Deriving an area's sensitivity to a stressor based on BTA depends on the metric used and the previous stressors affecting the site. Other factors likely to be important are the traits selected to express sensitivity and the knowledge of traits exhibited by particular species. Our decision trees are simplistic representations based on traits that are generally well known. Two studies (Hewitt et al. 2008; Hewitt et al. 2011 ) tested for the effect of uncertain knowledge of species biological traits on fuzzy coding by randomly changing the fuzzy coding of 10% of uncertain traits and compared results with the original results. In both cases, the general results remained the same, probably for 2 reasons. First, abundance-based methods are unlikely to be strongly affected as biological traits of abundant and common species are generally known. Second, although less is known about biological traits of rare taxa, the traits that commonly separate high or medium sensitivity to the stressors we used from those that are unaffected are generally among the more easily assessed traits (e.g., size, fragility, feeding mode).
More generally, with the increasing use of BTA and databases storing knowledge of traits (e.g., MarLIN 2006), it is probable that our decision rules could be improved. However, the rules we used, based on the ecological literature, are sufficient for testing the hypotheses of this study. In fact, the weightings used in the derivation of the weighted abundance are likely to be more important than the rules, in particular whether taxa that benefit should be used to counter adverse effects on other taxa. This does not imply a shortcoming of our results; rather, it implies the weightings should reflect the purpose of the study. Whether taxa that benefit should offset adverse effects on other taxa is a decision that should be made for, and the rationale explicitly stated in, each study, at least until a consensus is reached through a variety of studies in different locations and with different stressors. The influence of the number of weighting categories on the ability of the metrics to detect significant decreases could also be a useful aspect to explore in future research.
Increasingly in conservation and management there is a need to identify areas or habitats that may be especially at risk from different stressors (e.g., ecologically or biologically significant areas [Clark et al. 2014] and vulnerable marine ecosystems [Auster et al. 2011] ). Ecosystem-based management, including spatial planning exercises, needs to balance expected outcomes of different activities and require metrics and systematic methods of assessing sensitivity (or likelihood of impact) to achieve this (Williams et al. 2009; Clark et al. 2016) . The results of our study add to the evidence that BTA offers a relatively simple and cost-effective way to develop robust metrics to assess sensitivities of areas, particularly if more than one metric is used. With the collection of more information on the traits held by species and by linking specific traits to ecosystem functions, BTA also offers those involved in ecosystem-based management the ability to go beyond assessing sensitivity to assess effects on ecosystem functioning, services and values.
